Abstract
mobile sensor node is within the one-hop range from anchor nodes. In the case of MWSN it is necessary for a sensor node to communicate through multiple hops to an anchor node to get its position. However the solutions of the conventional work may not be directly applicable to WSNs with mobile sensor nodes. Moreover there have not been studies for node self-localization employing relay nodes to estimate the position of mobile sensor nodes. A relay node is to transmit the information from an anchor node to a sensor node beyond the one-hop communication range.
In this paper we propose a self-localization scheme which selects the relay nodes to maintain estimations with high accuracy and to reduce the energy consumption for MWSN. Therefore we try to select the relay nodes that can sustain the position of mobile anchor nodes to achieve the above goals. Our paper has the following key features. First, the moving direction of the anchor node is used to choose the relay nodes. It allows the relay nodes to keep the position of the mobile anchor nodes. Second, the selected relay nodes can send their information on the anchor nodes to the sensor nodes within the communication range. As a result it reduces energy consumption because only the selected relay nodes are activated. Our idea can be used widely for the applications on tracking mobile objects continuously. For example, tracking seed-stocks and wild animals in the state of nature could adapt our scheme.
This paper is organized as follows. We discuss some related works in Section 2 and present an overview and discussion of our method in Section 3. In Section 4, the performance of the proposed scheme is simulated and verified. Finally we conclude the paper in Section 5.
Related Works
The previous works can be divided into two categories based on their computational methodology: the centralized methods and the distributed methods. Centralized localization techniques require the condition of inter-node ranging and connectivity. In this technique, the positional information is sent to a central base station for localization [11] . Then all the nodes receive their positional information from a base station. Doherty proposed a semi-definite programming approach [12] . In his algorithm the convex optimization is used to estimate the positions based on the connectivity constraints provided some nodes have their positions. Shang presented a method from mathematical psychology called multidimensional scaling [13] .
The distributed algorithms don't require a central base station. Localization could be done through the node-to-node communication. There are two approaches in the distributed localization algorithms: the anchor node-based approach and the anchor node-free approach. Anchor node-based distributed algorithms take advantage of some nodes called anchor nodes which know their absolute locations by a GPS or preset placement. The other nodes estimate their positions using the positional information provided by the neighboring anchor nodes [14] . Anchor node-free distributed algorithms use an unrefined method to localize a sensor node in the network. So applying the refinement algorithm customizes its position to optimize a local error metric [15] . Another approach of the anchor node-free distributed method uses a coordinate system to optimize a network wide metric in a distributed manner [16] . anchor node to a sensor node. That is, we should choose the best relay nodes to track the mobile anchor node and to save energy for communication.
It is important to select the relay node based on the moving direction of the anchor node, to choose relay nodes according to some conditions, and to activate the least number of relay nodes. The reason for this statement comes from the following perspectives. The first thing is that a sensor node gets the information of the anchor nodes from many relay nodes more than one time in order to locate itself because of the loss of noise and wireless communication channel characteristics. Hence it is desirable to choose the optimal relay node that is capable of sustaining the latest position of the mobile anchor nodes taking into account its moving direction. Secondly lots of communication time demand greater overhead and delay during communication between two sensor nodes. So we have to choose relay nodes according to some conditions which will be discussed in the following section, and they will decrease the total number of relay communications between the two nodes. Finally we should minimize the number of nodes participating in communication and activate the least number of relay nodes to save energy for WSNs. Yet we need to make sure there are enough relay nodes to ensure that all sensor nodes are located.
Relay node selection
There are many candidates for relay nodes that are within the anchor node's communication range. To select the optimal relay node among those candidates, we consider its distance from the anchor node and its proximity from the anchor node's moving direction. We use an internal angle between the anchor node's moving direction and the relay node's position in order to determine the proximity between the two nodes. The optimal relay node is obtained from the projected distance of a sensor node along the anchor node's moving direction, which is expressed as follows:
Let us assume that the anchor node is moving to the right and three sensor nodes exist near that area. In Fig. 1 , the node An is an anchor node, and S1, S2, and S3 are the sensor nodes, which can be candidate nodes for a relay node. d1, d2, and d3 express the distance from each sensor node to the anchor node and θ 1 , θ 2 , and θ 3 indicate each internal angle between each sensor node and the anchor node. To decide the optimal relay node, we first calculate the projected distance of each sensor node shown in Table I . According to the values of projected distance, the node S2 is chosen as the relay node because it has the highest value of projected distance and maintains proximity with the anchor node the longest as the anchor node moves. The node S3 has a larger angle θ 3 and a longer distance from the anchor node than any other node. However the node S3 has less possibility of being inside the one-hop range of the anchor node when the anchor node is moving. Therefore it is desirable to choose the node S2 than the node S3, which is far from the anchor node because θ 2 is smaller than θ 3 . 
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